imaging study that localized the site of adaptation to the posterior parietal cortex, but only on the side contralateral to the reaching limb, suggesting that this adaptive phenomenon occurred not only in the peripheral pathway, i.e., the leg, but probably also in the central pathway.
Hashiba has more recently reported that, in adopting a standing position after treadmill exercise, a person leans forward transiently and experiences a subjective feeling, which does not occur after normal walking or running. This phenomenon is thought to be generated by the mismatch of visual and somatosensory input. Durgin and Pelah showed that a "running-in-place aftereffect (RIPAE)" was also induced by the mismatch of visual and somatosensory input. In running on fixed ground, the RI-PAE was modified by a change of visual conditions (eyes open, eyes closed, restrictive goggles, Ganzfield goggles), and therefore, the prerequisite for the aftereffect was not the movement of the treadmill belt itself, but the mismatch of visual and somatosensory input). Derave et al.') investigated the postural sway after treadmill walking and running, and reported that the postural sway was observed after exercise with the eyes open, but that no significant sway was found after exercise with the eyes closed. Derave et al.") concluded that during treadmill locomotion there is a recalibration of the motor output in response to the unexpected visual input, and that this new calibration persists for some time following a return to correct visual input, and thereby disturbs motor control.
In 1999, Durgin and Pelah conducted a study in which projection of an image of a texture-mapped moving circular tunnel onto a back-projection screen mounted in front of a treadmill was used monocularly to vary visual input during treadmill exercise, in order to change the level of mismatch between visual and somatosensory input. The results showed that the level of mismatch of the visual and somatosensory input did not affect the aftereffect, suggesting that the system underlying the calibration process is not responsive simply to optical flow, and that the effect of the image was insufficient because the subjects did not have a perception of self-motion. If this phenomenon occurs as a result of adaptation to the mismatch of visual and somatosensory input, the magnitude of the aftereffect should depend on the level of mismatch.
Therefore, the results of the study by Durgin and Pelah might have been due to the projection of images that did not result in the subjects developing a self-motion perception.
In the present study, we initially filmed images from a carriage moving in a corridor at walking speed, using a digital camcorder. The film was edit- The subjects put on the HMD during exercise and watched 3 movies and the still image (SI) at random. The movies were filmed using a camcorder from a carriage moving in a corridor. A corridor that was as symmetrical as possible in the horizontal direction was selected for the filming. The images were edited before use to make continuous 5-minute films, which consisted of images in which surrounding objects moved from in front to behind the subject (normal-direction: ND) and from behind to in front of the subject (reverse-direction: RD). We After each test, the subjects were asked to provide a subjective evaluation of self-motion perception, using 4 grades: strong, moderate, slight and inappreciable, which were scored from 4 to 1, re- Fig. 1 The subjects walked on the treadmill for 5 minutes at 6 km/h
Immediately after exercise, they moved onto a recorder beside the treadmill to measure their center of gravity (NEC-SANEI, 1G06) to determine the postural sway while standing for 3 minutes. The subjects put on a HMD during exercise and randomly received 4 kinds of visual stimuli. els in each picture, and the display was monoscopic.
In wearing the HMD, subjects put on goggles that completely cut off their view of the surroundings, such that the subject could see neither the surroundings nor the movement of the treadmill belt from a slit between the HMD and the eyes. The subjects touched a rail while walking on the treadmill. The subjects were asked to provide a subjective evaluation of their self-motion perception, using 4 grades (strong, moderate, slight and inappreciable). The evaluation was scored from 4 to 1, according to their strength of feeling. 
Discussion
Since we hypothesized that self-motion perception and postural sway after treadmill exercise are induced by the mismatch of visual and somatosensory input, in the present study, we changed the visual input to vary the mismatch level and investigated the effect on postural sway after treadmill exercise. Postural sway occured in a forward direction immediately after treadmill walking, and the subjects then gradually returned to a normal posture over a period of about 2 minutes. Postural sway in the standing position and self-motion perception after treadmill walking were reduced by normally-directed movies and increased by reversedirected movies.
Regarding the total postural sway and the fore components, ND images at 10 km/h had a tendency to reduce the postural sway to a greater extent than ND images at 5 km/h. The self-motion perception was also reduced by visual stimuli at 10 km/h to a greater extent than at 5 km/h. Exercise on the treadmill generated an adaptive phenomenon that differed from the conditions during normal running (adaptation to conditions of the mismatch of visual and somatosensory input) and this adaptation was maintained after the completion of exercise. Hence, when a subject returned to a normal environment but still felt a mismatch between visual and somatosensory input, an aftereffect was induced. It was considered that the closer the conditions were to normal running during adaptation, the smaller the mismatch between visual and somatosensory input, and therefore, the visual stimuli at 10 km/h, which provided a sensation closer to an actual sense of speed, most significantly reduced the aftereffect. These results supported the hypothesis that postural sway after treadmill exercise depends on the mismatch level of visual and somatosensory input, and that the system underlying the calibration process is strongly responsive to the level of this mismatch. In contrast, Barlow's formulation differs from these in assuming that recalibrations are the adjustment of the normal ("expected") correlation, rather than a correction for unwanted correlations. Also, Pelah et al. reported that the motion aftereffect in response to the expanding optical flow was reduced when exposure occurred during walking on a treadmill, but no such diminution was found with contracting flow, suggesting that only the expected correlation between forward locomotion and expanding flow fields reduces visual motion adaptation.
In the present study, the postural sway was significantly reduced by ND images and significantly increased by RD images. ND images were considered to provide a normal (expected) correlation, while RD images did not provide such a correlation. However, the results showed that both stimuli had an effect on the postural sway, and this differs from the results of previous studies, perhaps because actual images were used in the present study and the subjects received visual stimuli of high reality. Therefore, RD images were also recognized as providing an almost normal (expected) correlation and an aftereffect was observed. The self-motion perception was also induced by RD, which supports the above conclusion. 
